Abstract-Due to advanced technology, it is very important the performance of FMS for sensivity, production quality, repeatability and energy consumptions. Flexible manufacturing systems (FMSs) are the most automated and technologically sophisticated of the machine cell types used to implement cellular manufacturing. An FMS usually has multiple automated stations and is capable of variable routings among stations, while its flexibility allows it to operate as a mixed model system. The FMS concept integrates many of the advanced technologies that we met in previous units, including flexible automation, CNC machines, distributed computer control, and automated material handling and storage.
INTRODUCTION
In industrial applications, Flexible Manufacturing Systems (FMSs) are the most important, automated and technologically sophisticated of the machine cell types used to implement cellular manufacturing with advanced technology. A micro FMS usually has multiple automated stations and is capable of variable routings among stations, while its flexibility allows it to operate as a mixed model system. The FMS concept integrates many of the advanced technologies that we met in previous units, including flexible automation, CNC machines, distributed computer control, and automated material handling and storage.
Flexible manufacturing systems (FMS's) have been an important breakthrough towards fully automated and computer-integrated production in production applications. A FMS is essentially a computer-controlled production system, which brings together different standalone machines and control equipment capable of processing a variety of part types or jobs. FMS differs from the conventional systems in terms of flexibility in the flow of materials from one tool to another and performing the operations as per the required sequence. Each part can follow a variable route through the system. In a nut shell, flexibility in material handling, in combination with multipurpose tools, makes it possible for a flexible manufacturing system to process a great diversity of parts. (Cardinali, 1995) . Some of the advantages of FMS include: improved capital/equipment utilization, reduced work in progress and set up, substantially reduced throughput times/lead times, reduced inventory and smaller batches, and reduced manpower.
Several authors had studied design, planning, scheduling, and control of FMS and proposed various techniques to model and analyze FMS performance (Abdulziz et al., 2012) . They embraced various problems such asselection of best dispatching, scheduling, routing and control rules, determination of optimal number of machines, optimal number of AGVs and/or buffers/pallets, and optimization of a specific product machining parameter (such as full load speed of sheet metal piler) (Basnet and Mize, 1994, Chan et al., 2002) . Diverse factors such as AGVs availability, variable machining time, system layout, routing and sequencing flexibility and part mix were considered (Solot and Vliet, 1994, Chan and Chan, 2004) . Performance criteria such as make-span (time to complete all jobs), tardiness (the difference between completion times and due dates), total processing time, flow time, production rate, cost and machine utilization were assessed (Azimi et al., 2010 , Joseph and Sridharan, 2011 , Kumar and Sridharan, 2011 , Singholi et al., 2010 . In addition,various approaches and models were usedin FMS research such as mathematical programming (Abou Gamila et al., 2000), multi-criteria decision making (Karsak, 2000) , dynamic programming (Ecker and Gupta, 2005) , goal programming (Chan and Swarnkar, 2006) , petri-net (Hamid, 2010) , linear and nonlinear programming (Chan and Chan, 2004) and investment model (Bruce and Albert, 1999) . Today, FMS is complex due to variation in layout, MHS configuration, and stochastic parts inter-arrival and processing times, which makes FMS problems multidimensional in nature (Saygin et al., 2001) . It might be difficult to use analytical approaches to model a complex manufacturing environments such FMS with their entire operating and physical characteristics.
Analytical modeling will befurther complicated to use when dynamic operating environments and control time aspect are considered (Chan et al., 2007) . Furthermore, the analytical modeling approaches are usually based on simplifying assumptions for the system under study and specific to individual manufacturing enterprises and processes (Chan et al., 2002) . These assumptions may not provide an actual image of FMS performance and may not be representative of real-world cases (Chan et al., 2007) . On the other hand, simulation-based approaches have been used for modeling and analyzing complex manufacturing systems, since they can model the variables which are mathematically complicated, and represent more realistic environments (Singholi et al., 2010) . It also can deal with stochastic environments, for which analytical models such as mathematical programming have been inferior without major simplifications (Chan and Chan, 2004 (2010) proposed a framework for studying the effect of scheduling, system configuration, buffer capacity, routing flexibility (manufacturing flexibility), number of pallets, volume of parts, dispatching and sequencing rules (scheduling rules) on FMS performance (i.e., make-span time, cost, machine utilization and queue waiting time). They concluded that the make-span and queue waiting time decrease while machine utilization and production cost increase with the increase in routing flexibility level. Discussing performance analysis problems, Singholi et al. (2010) conducted a real FMS case study to analyze its existing performance such as maximum production rate, make-span and overall utilization, determined by a quantitative modeling, and prepared an improvement plan to be compared with the existing using simulation modeling. The modification includes adding resources (i.e., sizing the system) and implementing new layout. The results showed that the proposed FMS has increased of the number of servers, maximum production rate and overall utilization of resources. Meanwhile, Abou-Ali and Shouman (2004) discussed a study of the effect of 12 dynamic and static dispatching strategies on dynamically planned and unplanned FMS consisting of eight machines, storage buffer areas, receiving area, and three robots and pallets. The authors showed that an overall improvement could be achieved for dynamic dispatching than that rendered by static dispatching. An application of reconfigurable hardware technology in the development and implementation of building automation systems has been investigated by Géza. Csaba and Hideki (2014). On the other hand, an artificial Immune System Implementation upon Embryonic Machine for Hardware Fault-tolerant Industrial Control Applications has been studied and improved by Géza, Csaba, and Chindris (2010) . The use of a proposed recurrent hybrid neural network to control of walking robot with four legs has been investigated by Yildirim (2008) . In his investigation, a neural networks based control system has been utilized to the control of four-legged walking robot.
This paper is an attempt to make a comprehensive investigation of Flexible Manufacturing Systems covering their essential and crucial aspects. The facts related to the flexibility issues of FMS are discussed and outlined in section 2. Further on, light in thrown on the key issues, the decision variables and performance measures in FMS. Experimental work discussing the implementation of micro FMS are also presented in setion 3. Robot manipülatör theory is described in section 4. The paper is concluded in the last section of 5 with discussion.
II. FLEXIBLE MANUFACTURING SYSTEMS (FMS)
As defined and outlined above section, the FMS is a highly automated group technology machine cell, consisting of a group of processing workstations often computer numerical control machine tools-that are interconnected by an automated material handling and storage system, and controlled by a distributed computer system. Flexibility is an important part of this definition. As we shall see below, where we discuss it in more detail, flexibility can have different interpretations; but it generally refers to the system's responsiveness to changing demand patterns, so that the mix of part styles in the system, and the production volumes that can be met, can be adjusted rapidly to meet changing requirements.
Another keyword in the definition is group technology, which was discussed in the introduction. In reality no FMS can be perfectly flexible, meaning that there are limits to the range of parts or products that can be made on the system. Consequently an FMS must be designed to produce parts (or products) within a defined range of styles, sizes, and processes-that is, the FMS will have the capability of producing a single part family, or a limited range of part families. It cannot do both.
These capabilities are expressed in various ways in the micro FMS, which can best be seen from an example such as is provided in Figure 1 . This figure depicts an automated manufacturing cell with two machine tools and robot manipulator. The question arising from this figure is: is it a flexible cell? To be considered flexible there are four reasonable tests that can be applied to the system to determine its level of flexibility.
Flexible manufacturing system (FMS) consists of four or more processing stations connected mechanically by a common parts handling system and electronically by a distributed computer system (as in Figure 2 ). FMS is larger than the flexible manufacturing cell, not only in the number of workstations it may contain, but also in the number of supporting stations in the system, such as part/pallet washing stations, co-ordinate measuring machines, storage stations and so on. Computer control is also more sophisticated; it includes functions not found in the flexible manufacturing cell such as diagnostics and tool monitoring. The FMS satisfies all four flexibility tests.
Furthermore, a comparison of the three FMS types is illustrated in Figure 3 , where the number of machines is plotted against metrics of investment, production rate and annual volume.
III. REPRESENTATION OF MATERIAL HANDLING ROBOT MANIPULATOR OF FMS
The robot manipulator described is a six-axis industrial robot with jointed-arm kinematics for all point-to-point and continuous-path controlled tasks. Its main areas of application are: (i) Handling, (ii) Assembly, (iii) Application of adhesives, sealants and preservatives (iv)Machining. This robot has five degrees of freedom. It is employed to analyze the vibration parameters of joints as shown in Figure 4 and Table 1 as micro FMS. The robot manipulator's joints are driven by electromechanical, with transistor controlled AC servo motors. Maximum speed of robot manipulator's end-effector is approximately 2100 mm/sec. The positioning repetition accuracy of the robot manipulator is ± 0.1 mm. The axis properties for the investigated material handling robot manipulator are given in Table 2 . The dynamics of robot manipulator with five rigid links can be written as; 
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represents a vector of the nonlinear terms. As depicted from Equation (3), the joints of robot manipulator are affected by friction terms. These terms can be described; 
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A. Controller Structure of the material handling robot manipulator
The material handling robot manipulator controller has some properties as follows: Performance and expansion over and above the basic control functions, open system for future developments and ease of integration in any network, recognized standards, special functions for increased productivity, built-in safety features for greater availability, input functions for faster programming, ready-made software packages and real-time capable simulations and offline programs with absolutely accurate data. The material handling robot manipulator controller consists of four components and FMS is also described in Figure 5 . These are can be described in the following;
•
Control PC: The PC performs all the functions of the robot controller. The control PC includes the following components: Motherboard with interfaces, processor and main memory, hard drive, floppy disk drive, CD-ROM drive, MFC3, KVGA, DSE-IBS-C33, batteries and bus cards.
• Teach pendant: The teach pendant has all the functions required for operating and programming the robot system.
• Safety logic: The safety logic is a dual-channel computer aided safety system. It permanently monitors all connected safety-relevant components. In the event of a fault or interruption in the safety circuit, the power supply to the drives is shut off, thus bringing the robot system to a standstill.
• Power unit
The hardware of the system is a single processor basis. With a latest generation high-performance processor for two parallel operates systems.
IV. EXPERIMENTAL ANALYSES
Experimental investigation on material handling and feeding robot manipulator's performence analyse was carried out with two types of materials handling and feeding to micro FMS. The presentation of two types of materials are shown in Figure 6 . As can be seen from figures, polymid plastic material has hight of 58 mm, 40 mm diameter and 83 gram mass. However, metal material has hight of 58 mm, 40 mm diameter and 205 gram mass. Firstly is experimental measurements on robot manipulator's joints. The process consisted of 1 intelligent data acquisition (IDA), 4 accelerometers, a microphone and PC the experimental setup used to collect the joint accelerations for the case of the four different running speeds processing of material handling robot manipulator (see Fig.7 ). On the second stage, the measured experimental accelerations values were used as desired signals for analysing and finding exact speed for two types of different materail processing such as plastic and metal.
Experimental results are shown in Figs. 8-15 , respectively. By considering the maximum speed 2100 mm/sec of 10% running speed, the experimental noise variation of the material handling robot manipulator is given in Fig. 8 . Figure 9 . These graph results sho the case of plastic materila feding and processing for micro FMS. From the figures, joint 1 has random vibration disturbances. The case of increasing the maxmum speed of joints from 10% to %50 are shown in Figure 10 . with metal material handling and feedinf fort he system. From figure, joint 2 has random vivration disturbances until 400 Hz frequency. Figure 11 presents the acceleration results of the desired approach and experimental of the material handling robot manipulator joints with reduced %50 maximum speeds of the joints for plastic materail handling and feding to micro FMS.
It is clear to see from graphs, that there are large vibration disturbances for joint 1 of robot manipülatör for the case of %50 reduced speed of robot manipulator's joints.
In particular, these disturbances the peak values at the frequency of 400-450 Hz for the experimental measurements.
The other type of anayse of material handling robot manipülatör is the case of %70 decreased maximum speed. Metal material structure is used to predict acceleration variations of the robot manipulator joints with %70 increased running speed and the results are shown in Figs. 12 for 4 measuring points of joints. As can be seen in relevant figures, the joint 3 has large disturbances rather than other joints values.
Furthermore, Fig.13 shows noise variation of the robot manipulator with plastic material handling for the case of %70 reduced running speed. Figure 14 indicates the results of experimental approach for acceleration variations of the robot manipulator joints with a metal material on end-effector and maximum running speed. As pointed out from the figures, the results of joint 2 approach give poor performance during materila handling. Again, the same structure is used to predict acceleration of the handling robot manipulator joints with plastic material and maximum running speed (see Figs. 15 ). Moreover, there is big disturbances for joint 1. The major advantage of %70 of maximum speed of robot manipulator's joints have been given response that drops off rapidly the peak of joint's accerations.
In the future studies, by using the proposed fault detection technique, fault isolation of material handling and feeding robot manipulator joints in considering with a larger number of degrees of freedom can be employed. Also, a kind of neural predictor can be adapted to the fault detection for the other types of robot manipulator.
